Results: Mean follow-up was 37.3 months. Comparison of POMC and OMATB groups showed statistically significant results as follows: shorter surgical time, 70.4 AE 12.5 minutes for POMC group; greater degrees of flexion, 140.4 AE 6.1 for POMC group; better total range of motion, 139.6 AE 8.2 for POMC group; higher Lysholm scores, 93.6 AE 3.1 for POMC group. Frequencies of total complications and reoperations were significantly lower in POMC group. Conclusion: POMC method was a reproducibly reliable method, offering better functional outcome, lower incidence of complications, and reoperations, as compared with standard OMATB group for transverse patellar fractures. Nevertheless, it is not recommended for severely comminuted fractures.
Introduction
Open repair of displaced patellar fractures is still the most widely used technique and can offer satisfactory results. 1 However, complications associated with open treatment such as infection, delayed wound healing, broken wires, irritation, immigration of Kirschner wires, fixation failure, and revision were reported with different frequencies between 7% and 43%.
2e6 These complications were related with open approach, fixation device, or both.
Displaced transverse patellar fractures are easier for anatomic reduction by closed manipulation and potential candidates for percutaneous osteosynthesis. Less invasive technique with percutaneous fixation may reduce postoperative wound complications and the possibility of delayed operation. However, there is paucity of research in this field. There were a few articles describing techniques using closed methods for patellar fractures.
7e12 However, they were not often indicated for significantly displaced transverse patellar fractures or these fixation methods were not considered to be as rigid as traditional tension band methods.
In a recent study, we reported a minimally invasive technique with figure-eight wiring through two parallel cannulated screws under arthroscopy and fluoroscopy assistances. 13 The objectives of this study are to compare the results of our percutaneous method with open modified anterior tension band (OMATB) for displaced transverse patellar fractures. This percutaneous reconstruction was a modification of Carpenter's technique. 14 
Methods
We retrospectively reviewed 107 patellar fractures treated with surgery at our institution between March 2004 and December 2005. The operative procedures were thoroughly explained to all patients preoperatively and performed with their consent. The criterion of inclusion was displaced, transverse patellar fractures, treated by either percutaneous osteosynthesis with modified Carpenter's (POMC) method or conventional OMATB technique. Exclusion criteria were open injury, multiple fractures, multiple trauma, comminuted fractures, periprosthetic patellar fractures, associated with pre-existed osteoarthritis of knee, clinical course greater than 48 hours, and loss to follow-up. No patellar fractures in POMC group and 3 in OMATB group were lost to follow-up.
All medical records of the study groups were reviewed comprehensively, including injury time, mechanism, soft tissue injury, associated trauma, operative time, and postoperative rehabilitation. Follow-up records including the functional recovery, complications, and the need for further surgery were reviewed in detail. Radiographic images were studied regarding initial fracture type, displacement, postoperative reduction, implant position, and healing process. Definitive assessment of functional outcome, including range of motion and Lysholm knee scoring rating system, 15 was evaluated at the last follow-up by an independent research staff who did not take part in the surgery of either group.
A total of 60 patients with 60 patellar fractures were included in our study. There were 20 patients in the POMC group and 40 patients in the OMATB group. All operations in the POMC group were performed by the same surgeon. For OMATB group, operations were performed or supervised by another two surgeons.
POMC technique
The operation was described in detail in our previous report. 13 The patient was prepared in supine position and a tourniquet was applied. First, the intra-articular hematoma was drained through standard inferolateral portal and superolateral portal of arthroscopy (Fig. 1A) . Then reduction of fracture was attempted first at full extension. One pointed reduction forceps was applied at the far ends of the two fragments percutaneously. The reduction was checked with arthroscopy and fluoroscopy. If the joint congruity was not achieved, further manipulation was performed. Each fragment was manipulated with an individual pointed reduction forceps until satisfactory congruity was achieved (Fig. 1B) . The reduction was maintained with another pointed reduction forceps across the fragments and verified (Fig. 1C) .
Two guide wires were inserted from the proximal end of the patella through two small stab incisions (Fig. 1D ). These two parallel guide wires were separated by 1.5 cme2 cm. The true length of screw was little shorter than the initial measured length. Then two partially-threaded 4.0-mm cannulated screws were inserted (Fig. 1E) .
The first wire, 18 gauge (1.2 mm), was passed antegradely within the first cannulated screw. The end of wire came outside the distal stab incision. A cannula, such as a suction tip or 14-gauge catheter, was then passed subcutaneously from the proximal stab incision of the second screw to the distal stab incision of the first screw. Then the distal end of the first wire was guided in the cannula toward the proximal stab incision of the second screw. The similar procedure was repeated for the second wire directed to the proximal stab incision of the first screw. Then the proximal ends from each wire at each proximal stab incision were met and twisted simultaneously. The reduction and tension of fixation were checked to 90 of flexion under fluoroscopy. Generally, this technique was performed through 6e8 stab incisions.
OMATB technique
The method was performed using previously described standard procedure for open reduction and fixation with OMATB technique. 
Rehabilitation
For all patients in both groups, neither splint nor brace was used. Passive range of motion was started postoperatively as much pain as the patient could tolerate. Protected weightbearing with two crutches was allowed at the first day following the surgery. Three days after the operation, patients were discharged. Active range of motion was instructed since 3 weeks postoperatively. Full weight-bearing without walking assistance was started after 8 weeks.
All patients were followed with the similar principles. Generally, biweekly in the first month, then monthly until 6 months and every 6 months thereafter.
Statistical methods
All 60 subjects were included in this analysis. Data were entered and analyzed with PC SAS (SAS Institute, Cary, NC, USA). Data were presented as mean AE standard deviation for continuous variables and number (percentage) for categorical variables. To compare two groups, two-sample t test was used for continuous variables and Fisher's exact test for categorical variables. The differences were presented as mean (95% confidence interval) for continuous variables and odds ratio (95% confidence interval) for categorical variables. The significance level was set at 0.05 for all the tests in advance.
Results

Demographics
Demographics of both groups were shown in Table 1 . There were no statistically significant differences between these two groups, including preoperative displacement of fractures 18.6 AE 9.6 mm in the POMC group versus 18.0 AE 12.2 mm in the OMATB group. Surgical time was significantly shorter in the POMC group, with an average of 70.4 AE 12.5 minutes.
Surgical and functional outcome
The results are shown in Table 2 . After a mean follow-up of 38.3 AE 6.8 months, all fractures healed in the POMC group (Fig. 2) . One nonunion happened in the OMATB group. There was no difference in the union time between both groups. At the last follow-up, the POMC group had gained significantly better flexion and total range of motion, at an average of 140.4 AE 6.1 and 139.6 AE 8.2 , respectively. For Lysholm scores, the POMC group was at an average of 93.6 AE 3.1, statistically higher than the OMATB group.
Complications and reoperations
All complications and reoperations in the follow-up period of both groups are shown in Table 3 . Overall frequency of complications was 75% in the OMATB group and significantly higher than 15% in the POMC group. No postoperative infection or wound complication was observed in the POMC group (Fig. 3) . Most common complication in both groups was irritation to hardware, with significantly higher frequency of 48% in the OMATB group. Forty-five percentage of the OMATB group showed migration of hardware, which was significantly higher than the POMC group. Reoperation rate was 15% for the POMC group, significantly lower than 58% in the OMATB group. The most common cause of reoperation in the two groups was removal of hardware as a result of irritation. Two patients (5%) of the OMATB group had recalcitrant keloid formation after initial open surgery and recurred after removal of implant with scar revision. These two patients underwent further scar revision by plastic surgeon, followed by a series of laser therapy and local steroid injections.
Discussion
The results of our study showed that the POMC technique could provide satisfactory osteosynthesis, better functional outcome, and fewer complications and reoperations as compared with the OMATB technique.
Surgical time was shorter in the POMC group. Longer time is definitely necessary to close the surgical wound in the layers of OMATB group, which would make significant difference in both groups. However, the difference could be attributed partly to the bias of operators. The OMATBs group were performed by attending surgeons or fellows/residents under supervision, which could prolong surgical time as a result of different levels of experience in both groups.
Functional outcome was statistically better for POMC group. But the difference was not substantial and might be insignificant clinically. Our interpretation is that the POMC group can offer equivalent or even better functional results than the OMATB group.
There are few reports describing percutaneous fixation of patellar fracture with the assistance of fluoroscopy or arthroscopy. Luna-Pizarro reported a method of percutaneous patellar osteosynthesis system for modified tension band wiring. 8 They designed a device with encouraging results as compared with open surgery. Tandogan used percutaneous cannulated screws for patellar fractures. 10 Their method was performed for patellar fracture with gap less than 8 mm. For larger displacement, they suggested open approach and concluded it was impossible to apply the figure-eight wire percutaneously. Yanmis described circular external fixator under arthroscopic control for comminuted patellar fractures. 12 All these articles proved minimally invasive approach could be achieved for transverse patellar fractures. However, the strength of fixation was still a concern.
Carpenter described the figure-eight wiring through parallel cannulated screws by open method for transverse patellar fractures. 14 The clinical results of this technique reported by Berg were comparable with those of modified tension band wiring. 17 Another biomechanical analysis by Carpenter demonstrated figure-eight wiring through the paired cannulated screws provided the best mechanical strength as compared with screws alone or modified tension band technique.
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Our minimally invasive technique was a modification of Carpenter's method under the control of arthroscopy and fluoroscopy. The difference of our fixation construct to Carpenter's was that we used two separate wires instead of one to pass through the parallel cannulated screws. The advantages of this change are easier passage of wire through each cannulated screw and wires being amenable to be twisted simultaneously to adequate strength when the procedure was performed percutaneously. Another modification was the use of arthroscopy and fluoroscopy for percutaneous approach. The possible advantages of arthroscopy in our study are clear verification of articular congruity and decompression of intraarticular hematoma for pain relief.
The major merit of our study is to confirm the percutaneous modification of a well-defined open method with more promising and encouraging surgical outcome than traditional open treatment. We proved that displaced transverse patellar fractures could be repaired with minimally invasive technique and rigid fixation. Both may possibly lead to better surgical outcome and fewer complications.
Some drawbacks still existed in our study. Variables between the both groups existed in approach, fixation method, and surgeon. Some complications and reoperations in the OMATB group were the results of fixation method, not the open approach itself, such as hardware irritation, migration of implant, and loss of reduction. However, the OMATB group could represent the standard reconstruction for displaced patellar fractures by orthropaedic surgeons. We thought it was reasonable to compare the results of a new method with those of the standard open method. Still, some limitations should be considered, our technique is indicated for displaced transverse patellar fractures but not recommended for more comminuted fractures with multiple displaced and stepped fragments. For these complicated fractures, precarious reduction by closed method is expected. Further research is required as to its role in more comminuted fractures.
